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System for determiniiig the road surface condition 

The present invention relates to a syst/^ adevice and a method for determining the presmce or 
absence of liquid water or ice according to the introductory portions of the independent claims. 
In particular, it relates to such a system, device and method usmg ivavelenglfa modulation 
spectroscopy. 

Background of Che invention 

A number of solutions for solving the problem of determining possible slippmcess of road 
surfaces, in particular aimed at detecting presence or absence of water or ice on the road surface, 
are known. Older methods for determining the road surface condition using mechanical 
arrangements are known but are prone to faults and wear. A number of solutions to the problem 
of detecting watw or ice on a road sur&ce at a fixed position have also been suggested, but are 
generally not applicable to the problem of determining the road surface condition at or near a 
moving vehicle* For that problem, remote sensing methods using spectroscopical methods have 
become the dominatii^ solution, and in particular near infirared spectroscopical methods due to 
the distinct qiectroscopical prop^es of liquid and fcozesn, water in that waveloigth interval. 

One of the earUest patents relating to this subject is US-A-4271091 (1981) wherein a metiiod of 
detecting ice on road surfaces by detecting an amplitude modulated light b^m in the infiared 
region reflected from the road surface is disclosed. The method suffers from flie drawback that 
there is no provision for separating reflectance changes occurring due to presence of ice from 
those occurring due to presence of water on tiie road sur&ce, or due to changes in the reflectance 
imperties of the asphalt or concrete constituting the road paving. 

US-A-5218206 (1990) discloses a mefliod of detecting ice or water on road surfiaoes by detecting 
the reflectance of the road surface at two separate wavelengths in the infrared region. The 
method calculates the ratio between the two reflectances, and indicates flie presence of water if 
the ratio exceeds a certam level or the presence of ice if the ratio fialls below a certain level If the 
ratio remains within an intermediate level, the method indicates that the road surface is dry, but 
unfortunately the ratio may also fall within this intermediate range if certain proportions of water 
and ice are presratt at the road surface. 

Assunung the reflectance to be influenced by three parameters only; road paving reflectivity, 
effective liquid water layer thickness and effective ice layer thickness, fiiree mdependent 
parameters need to be measured, and a number of solutions using three or more wavelengths 
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have been suggested, i.a. US-A-5962853, proposing dfeteerfon atWleasrt feiir-Oi^enfettis. 
Unfortunately, the absorption of light in non tuibid media adheres to the Beer-Lambert law, 
stating that the transmission through the medium decreases exponentiiOly with increasing layer 
thiclmess. For a detection system with finite signal dynamics, this corresponds to a very limited 
dynamic range in terms of layer thickness variations. To solve this problem, one may detect the 
presence of water or ice usmg several different wavelength intervals having different absorption 
coefiScients, where detection in each interval gives a reliable indication of water or ice presence 
for a range of substance Sicknesses. Combining results firom measurements in several such 
intervals, an acceptable total 1^ thickness tolerance is achieved. Unfortunately, this implies 
detectmg reflectances at a conqwratively largp number of wavelengths, necessitating a complex, 
and fbeieBote expensive anangemeat 

An object of the mvention is therefore to provide a systraa, a method and a device which 
overcome the above mentioned problems with prior ait surfece condition detection devices. 

These and other objects are attained by a system, a method and a device according to the 
characterising portions of die indqp^idmit claims. 

Summary of tiie invoitioii 

The invention relates to a device for determining a road sur&ce condition, where fte sur&ce 
condition is one of dry, wet or icy. The device comprises a reflectance spectrometer which senses 
the reflectance properties of the road at one or several wavelength and uses these reflectance 
properties to determine the surfece condition. The reflectance spectrometer is a wavelengtii 
modulation spectrometer, preferably for tiie near infrared region. The device m^ wavelengfli 
modulate the light being reflected by the suifece before or afler hitting the surface. 

The device may sense tiie reflectance properties of a suifece at more than one wavelCTgdi and 
use tiie additional mformation on the reflectance properties to determine die structural properties 
of the detected liquid water or ice, i.e. determining whether tiie water or ice is clear or turbid. 
This information about tiie structural properties may be used to assess tiie slipperiness of tiie 
surfiice. 

The mvention further relates to a mettiod for determining a road suifoce condition using 
wavelengtii modulation spectroscopy, and yet further to a system for determining and indicating 
a surfece condition to a user of the system. 



2 



Brief description of the drawings 
Fig. 1 shows a first embodiment of the ice and water detection device. 
Fig. 2 shows a second embodiment of the ice and water detection device. 
Fig. 3 shows an embodiment of a chopper wheel usable in the first and second embodiments. 
Fig. 4 shows theoretical signal vatoes received for varying layer fliicknesses. 
Fig. 5 shows how different signal value combinations are used to assess different surfiice 
conations. 

Fig. 6 shows theoretical sagnal values at difiBsrent wavelengths. 
Fig. 7 shows theoretical signal values taking imp«fections mto account. 
Fig. 8 diows a third embodiment of the ice and water detection device. 
Description of preferred mbodimoits 

Fig. 1 shows a first embodiment of the ice and water detection device which uses prisms as 
diqwrsmg elements. Hie embodiment comprises a Ught beam emitter witii suitable optical 
pioperties, constituted by a light source 1 , and a first focusing element 3 focusing a portion of ti» 
Ught emitted by the source on an aperture 5 . Tlie Ught source 1 is schematicaUy 
i««„de8centlamp,andtiiefirstfocusingelement3 isdmwnasapairofplanoconvexlenses.but 
this is chosen only for fflustrating die fimdamental fimction of the device. 

Tte diverging light beam emitted ftom die aperture 5 is ib^ transmitted towards a first 
wavelength selective system. In flie wavelength selective system die beam is ooUimated by a first 
lens? andtiieooUimatedbeamisdirectedtiiroughafirstdispersingprism9.'nieUghtbeam 
transmitted dirough tiie prism is dispersed into a range of wavelengtiis, which are focused by a 
second lens 11 onto a selection elem«it 13 which only transmits selected segments of the light 
focused onto itlUe selection element 1 3 is here embodied as a chopper wheel 24, shown in 
figure 3. The primary fimction of die chopper wheel 24 is to transmit selected portions of the 
Ught of die contimK«is range of wavelengflis fi)cused onto it, daough tinee non-circular apertures 
26, 28, 30. As die chopper wheel 24 is rotated, die portion of die ^rtures 26, 28, 30 exposed to 
^ ujht focused onto it shifts, as indicated by die arrow in die drawing, diereby selecting a 
changing set of wavelengths being transmitted duough tiie chopper wheel 24. niree divergmg 
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light beams transmitted thiou^ the chopper iwfaeel 24 are again focQsed by tfaifd lens IS, and 
the colUmaled beams enter a second dispersing pri^ 17« U^g a second dispersing prism 17 
with diq)erd]% properties identical to Aat of ^ first dispersing prism 9, the three coUimated 
beams emerge from tiie second cKspeising prism 17 overlapping each other and being parallel. 

The beam emitted firom the second dispersing prism 17 is partially transmitted througih a beam 
splitter 19, and hits the road sur£au>e. Light reflected from the road surface hitting the beam 
splitter 19, is partially reflected by the beam sqslitter 19 and transmitted in a direction or&ogonal 
to that of the outgoing beam. The reflected beam is dien focused by a fourth lens 2 1 onto a 
detector 23, detecting the signal from the road surface. 

11^ detector could for example be an InGaAs, Ge, InAs, PbS or a pyroelectric detector. The 
advantage of pyroelectric detectors, as compared to the others, is the lower cost and its flat 
spectral response, but it does have a detectivity two to four orders of magnitude lower ttian the 
other detector types. The total li^t throughput of the system is related to the dispersive power of 
the disp^ve elmient, i.e. the prisms shown in the mibodiment above. Bvea with jmsms made 
of substances whidi are h^y dispersive in Ihe wavelength range of interest, such as Si or one 
of the Irtran j^asses, the lig^t lhrougtq>ut may be insufScient for using low detectivity detectors. 

Fig. 2 shows a second raibodiment of the detection device which instead of prisms uses 
reflecting gratings, which have a much higher dispersive power, as dispersing elements. The 
embodiment comprises a light beam emitter identical to the one in fig. 1, and the emitted light is 
focused by a second focusing element 8 drawn as a pair of planoconvex lenses. The focused 
beam passes, at its focal point, above a first minor 2 C^ing portioned in a direction below tiie 
paper plane of tihe figure), and is then directed to a second wavelengtii selective system. 

In the second wavelength selective system the beam is collimated by a first lens 7, and the 
collimated b^un i directed towards a reflective grating 10. The light beam reflected fi-om the 
grating is dispersed into a range of wavelengths, which are focused by a fifth lens 12 onto a 
selection element 13 which only transmits selected segments of the light focused onto it The 
selection elem^t 1 3 is here embodied as a chopper v^eel 24, shown in figure 3. The three light 
beams transmitted throu^ the choppw wheel 24 are reflected back through the chopper wheel 24 
by a second mirror 6, sligihtiy tilted downwards (in a direction out of the pa?>er plane of the 
figure), are recoUimated by the fourtii lens 12 , and are reflected back fix>mthe grating 10 
overltqiping each other and being parallel The three overlapping beams are then focused by the 
furst lens 7 onto ti^ first mirror 2, which reflects the beams towards a shcth lens 4. 



The sixth lens 4 colUmates the beams and diiecls to fo i (Smp^ a €wm splitter 1 9. 
a fourth lens 2 1 and a detector 23 . identical to the one inihe first eniboc&nenL 
Obviously, the embodfanent could alternatively have been arranged vrith a transmission grating, 
while a set-up similar to the first embodiment, having two gratings, would be umiecessary due to 
the potentially high dispersive power of the grating?, and inconvement due to Ae cost of 
gratings. TTxe higher optical toughput of fl»e system does on the other hand makes it possible to 
use chcapet detectors with lower detectivity. 

Inlhis «nbodiment the wavelength selection etenent 13 could alternatively have been embodied 

as a set of tuning folk type optical choppers, whid. are essentiaUy mirrors mo^ 

of electromechamcaUy driven tuning forics. The fo«k may resonate at a higher fie«piency than a 

rotafingdisctjnpechopperdevice,andmay,ifdri^^^ 

native to <fisturbances. TWs kmd of chopper also bas a longer life s^ 

expensive. 

Fig. 3 shows an embodiment of a chopper wheel 24 usable in the first and second embodiments. 
The soUd areas on the choH)er wheel 24 indicate iq)ertures in the otherwise non transparent 
chopp« wheel 24. A portion of the non circular rings 26. 28. 30 indicated by the area 3 1 is what 
is illustrated in cross section in figs 2 and 3 as the wavelength selection element 1 3. As the 
chopper wheel 24 rotates, the distance ftom the ^»ertures to the centre 
wheel 24 will shift back and forth periodically, with different periodicity for the di 
circular rings 26, 28 and 30. Tlieimiermost non circular ring 30 moves back and forth to^ 
per rotation of the wheel 24, the next ring 28 four times and the outermost non circular ring 26 
five times per rotation. 

Ihe non circular rings 26, 28. 30 win thus select Ught beams at separate wavel«igflis,an^ 
^1 24 rotates, the first wavelength selective system witt emit abeam of Ught of three different 
wavelengths, each wavelength modulated at tiiree, four and five tim« the rotational firequency of 
fhe wheel 24. 

Any constant intensity wavelength modulated Ught beam experiencing wavelength dependent 
absorption wiU become amplitude modulated at fiequencies corresponding to multiples of the 
wavelength modulation fiequency. The DC signal will be i«oportional to the reflectance itself; 
i.e. the zeroeth derivative of flie absorption with re^ to the wavelengtii, the size of the 
ampUtude modulation at the wavelength modulation fiequency wiU be proportional to the 



derivMiveof thed«o.pttonv«th«sp«.tothe»»veien0h.iod iliaa 
™rf„Utton at twi« fte v«velengA moduladon ftequency wm be 
derhrafiw of the absoii«ion respect to tl» «OTelengft 

As™iaandicehaveabsorpa<»s»«*di£fe«rtv««lengaid«^^ 
™dute.edUghtbe«nheing.«nsn«t.edtho«gh«-e,ottee«m become-^ 
.Uffetent giving rise to <Hae»nt seB of mnpBB^ta of the degree of 

et di^ multiples of the wavelengii modutatioo ftequemqr. Assuming the wwelengft 
dependenee of the «fleet«Ke of tt« paving to be smaU or zero. ie. h has . flat absotpfion «^ 

.safm«donofthe«avel««U..his«iUon.y give risetoaDC signal atthedetector^tachmay 
be n«leet.d. Denofing the an*Ut»de of the ampBtode modulation at *e ftequency 
co«,,«rfing to-fl»«.veleng*mod»lation ftequency as S, «»1 the ampHtode ofthe ampW.^ 
«,duh*ion*t«icea»6e<n»neyco««,«mdingtothe«^^^ 
therelationbet««.fl»se««pUtude.mwbedise»ssed«sh«a«.gramn««icwcoad^ 

Platings, and S^onthex-arrfy^esof the grephinfig. 4. »apee«vdy.ibr<lifl*renlloe(»*^ 

line) »>d v«ter (dashed line) tayer thida«sses at an arbitrarily diosen wavdeng^ 
totheonesd»™infig.4n».y be found For any substance.bo«hS,and&.»obvlo«sly»n. 
fi„ a srf»tfflK* iWokness of zero, «ri «. the substance Ihidmess HKreases, the curve de««^ 
fi„,. the origm as i»Uc«ed by the arrows «. the curves. Ev«^ly the substance fln^ 
„l.,gea»tfte transmission th^u^fl-subst^vce approaches zen^andbo* curves th«.ret™ 

tDlheorigin.Foran.ri*nnilydK>sen™r«aengd.,fhep™portionsbetw^ 
fl«d,«>thec«rve,areIoo,Hlil».TWsm.yn»toitdiffic«lttosn««tedgnalsarismgftom 

of v«*e,femthose arising torn presence of ice, «-i if the =«ve, cress itistacer.^ 
thicknesses not possible to separate them at all. 

By choosing.««velength for detection properly, the proportions of S. and & for botkcurves 
remainneariyfixedfor any layerthickness,andthe loops looknearly like stn^^ 
indi^ directions ftomthe origin ofihe graph, as in fig. 5. Tlxe figure also d.o^ 

different parameter area sectors are interpreted as di^nt surfece conditions. An area DRY 
e^ctendingasmaU distance fiomihe origin is interpreted as dry 

and WET crtending along and including the loc^s corresponding to the ice signal loop and the 

^ter««nal loop, aieinterpreted as purely icy and purely v^niad surfed 

MK extending between mese last two areas is interpreted as a road surfed 

water and ice. The parameterareaseclorsoutsidethesefoiir areas may be used e.g. for fiiult 



tracing. 

The radius of tbe circular area DRY wifliinwbidilixe parameter values Si and Sa arc interpreted 
as indicating a dry surfece. is defined the noise levid of the sIgnaL Tlie no^ 
varying background reflection due to the graininess of the road surfece, electronic noise and 
other factors. As the noise in the S, and Srparameters may be different and dependent, the DRY 
area might in practice be of any other shape but drcular. the circular area dxosen here Is for 
simplicity oidy. 

ITw vwdth of the WET and ICE parameter areas is partially set by noise consider^ 

has to include &ctors such as temperature affecting the absorption curves for both water and ice, 

and salmity afecting the absorption curve for water. Increased salinity in water will affect the 

absorption curve for water in a w^ shnilar to a temperature increase, wWch may be failsrpreted 

as an increase in appaient temperature. Apparent temperature changes in «ie rangps present under 

normal circumstances for ice or water changes the absorption curves sU^y, wWch hi the S.-Sj 

plane appears as slight angular and other shifts of the ice and water curves. 

Fig. 6 shows ice and water parameter curves for two diflferent wavelengths. 3 3 and 34. Only two 

wavelengths are illustrated for simpUcity reasons only, even though the first and second 

embodunents use toee waveleng&s. Several diflferent wavelengths are found m the near hifiaied 

spectrum where the parameter curves are near toear, bm for di^rent wavelengths 4e cu^ 

may have di^rent angular directions and extend different distances fiom the origm. Obviously, 
this needs to be compensated for, using different parameter area sectors for hJte^ 
surfece properties at different wavelengths. In the first and second embodiments of the 
inventions, the signals ftom which S, and S2 are derived, are modulated at different fijequencies. 
making it easy to ^ply different surfece property interpretation rules. If a set of wavclengflis is 
found where the parameter curves overlap, different interpretation rules may not be necessary, 
and foe modulation frequencies at different wavelengttis may be identical, simplifying the signal 
processing. 

Preferably, ttie set of wavelengflis used aie chosen such foat in the presence of clear water and/or 
ice a significant signal is received at at least one wavelengtiu This means that for the tirinnest 
substance layers of interest, a signal is received at the most sensitive wavelengfli. i.e. the 
wavelengtti at which the absorptivity is tiie largest, while no signal is received at the other 
vravelengtt»(s). As the substance layer thickness exceeds flie interval where the most senativc 
wavelengtii is active, i.e. where foe substance spears completely intransparent at that 
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wavelength, a signal is received at the next wavelength, while Ae sSbstiiiw VtiU* api^ 
completely transparent at the next wavelength etc. A set of wavelengths should flierefi)re be 
chosen such that any normally appearing clear substance layer thickness b detectable. 

If the substances are not clear, however, Ae Beer-Lambert law is not. adhered, and may be 
replaced by the Kubelka-Munk equations. Under such circumstances, appearing e.g. in the 
presence of dirty water or ice, snow, ftost or slurries of water/ice nuxturcs, significant signal 
contributions may appear at several wavelengths simultaneously. Ibis may be used to derive 
information on the structural properties of the water/ice layer on &e road surfece. From flJis 
information may be concluded the sUpperiness of the ice/water layer, which may be presented to 
the user of the system according to the invention. 

Fig. 7 indicates the result of a further in5)erfection of fte anangpment on Ae ice and water 
parameter curves, hi figs 4-7 it is assumed that ^ wavdength modulation causes no leadual 
inherent amplitude modulation of the signal even in abs«ice of water or ice. and the parameter 
curves thus starts and ends at the origin of the graphs. If such a residual ampUtude modulation is 
present, the curves, here shown for two different wavelengths 33 and 34, will origmate at 
different positions in die plane. Again, the resuhofsuch flaws may be compensated for 

using i»opar signal jwocessine. 

Fig. 8 shows a third embodhnent of the detection device which mstead of a dispersive element 9, 
10, 17 and a wavelengfti selection element 13 uses apivoting didectric filter 14. Here, flie 
wJvelengfli modutetion occurs after the hitting the road suifece has been received by 4e 
detection device. To be able to separate Ught origuiating ftom the ligjit beam emitter of fte 
detection device fiom background radiation, the aperture 5 of the light beam emitter is embodied 
as the aperture of a chopper wheel for intensity modulation. The result is that ampUtude 
modulated fight of a known frequency U is emitted from the Ught beam emitter and may be 
separated from background radiation. The ampUtude modulated Ught is tiwn coUimated by a 
sixth lens 4. partially transmitted throu^ a beam spUtter 1 9. and hits the road surfece. 

Li^t reflected from the road surfiice hitting the beam q)Utter 1 9. is partially reflected by fee 
beam spUtter 19 and transmitted m a direction orthogonal to that of the outgoing beam. The 
beam is then transmitted through a dielectric transmission filter 14. which is arranged at an angle 
sUghtly offset from the incoming beam. The filter angle is dianged in a periodical manner, and 
the filter may for example be mounted on a galvanometer which periodically pivots the filter 
around an axis orthogonal to the beam direction, as indicated by the anow m the figure. The 
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filter is arranged to transmit a set of suitable waveleniflii itd as Mfilt^l^ tilt^ fllese 
v^velengths duft By vibrating the mter in a suitable vsray, the beam tra^ 
filter be amplitude modulated at frequencies related to the vibration fiequ^ of the filter, 
•nuough proper signal processing described below, the absorption properties of the road surfece 
may be deduced. Tlie beam U finally focused by a fourth lens 2 1 onto a detector 23 . 
In this embodiment, the signal parametmof interest. S. and are not founda^ 
modulation frequency fx, and twice that firequency2&, but at fk±&,andat«k±2f^By 
selectingf>vandfi.properly,f.±fi. and f.^2fc may be detected at conveniently low frequencies 
allowing use of cheap, slow detectors. Meanwhile noise occurring as a result of the grainmessof 
the road surfece is picked up at fi. , allowing choice off* at alow noise frequency. 

Inthis embodimentll^ isno direct wi^of separating signalsat 
detectinglhematdiflfefemmodulationfreqaendes.asaUarewa^elengthmodula^ 
frequency This implies that situations Ukefl« ones iUusttatedinfigseandTmay be 

to handle. Neither is it possible to to derive infomiadon on the structural pioperties of the 
water/ice layer on the road surfece using the mefluKls described above. AU embodiments shown 
should however be interpr^ as iUustrative only, and not as limiting. 

In the examples presented above, the surfece conditions are concluded by detecting the 
reflectance properties at two or three wavelengflis. but olmouslyaiQr number o^^^ 

may be used. FurAer. only the signals S, and & are discussed, but obviously So and Ss . S4... etc. 
may be used to support the suifeoe property identification algprilhms. 

Tbc ftree embodiments diown have a light beam emitter 1 , 3 , 5 and a wavelength selective 

system, where the latter acts to select suit*d,ly chosen wavelengto^ 

Ihesebefore or after fl« beam is reflectedby the load surfece. The li^tbeame^^^ 

incandescent lamp, an LED or. if sufficient background light is present, may be elimmated 
altogetfa^. Wavelengthsdectivesystemsusingprisms.grattogsordi<aectricfilteraresho^ 
but oth« solutions are possible sudi as aoousto optic modulators. vM<A may have ^ 
modulation frequency lhanany mechanical solution. Alt^natively.theli^beam^ 
v^velength selective systemmay be integratedintoasinglefimctionalunitus^ 

modulated laser source. 

•nie detection device is intended to be mounted in a vehicle such that it may detect ice or water 
under the vehicle, but may alternatively be forward looking, giving the driver an advance 



warning of upcoming wet or icy sections of the road- Foi ^ a fciilraraiookiiig 

device further fanctionality may be integrated into the system, for example a system vduch 

makes the detection device track the road in front of the vehicle as the road turns. 

TTie detection device is intended to be part of a system for determining the road surfece condition 
includingaroadsurfece indicator, preferablymountedinthevehiclecompM^ toad 
surface indicator shows the present road surfeoe condition and may warn at sudden <*anges in 
road surface conditions. 

Althou^ the invention has been described in conjunction with a number of preferred 
eirfx)dim«its, it is to be understood that various modifications may stiU be 

departing fiom &e scope of flie invention as defined by the upended claims. One such 
modification to use the invention for determining the surfece condition of olgects otha than 
roads. 
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Claims 

1. A device for determining a sutfiice condition, said 

spectrometer vdiioh is arranged to sense tiie reflectance properties of a surfece at at least one 
wavelength and using said reflectance properties to determine the presence of at least one of 
liquid water or ice. characterised In that said reflectance spectrometer is a wavelengdi 
modulation spectrometer. 

2. A device for determining a surfece condition according to claim 1. characterised in that said 
wavelengdi modulation spectrometer comiwises a wrvelengfti selective system arranged to 
select and wavelength modulate light of at least one wavelenglh. where said wavelengfli 
selective systm comprises at least one of a chopper wheel, a tuning fork optical chopper, a 
dispersive prism, a grating. Ml acousto optic moduhitor or a dielectric filt^^ 

3. A device for determinmg a surfece condition according to clahnl, characterised in that said 
wavelenglh modulation spectrometer comprises a wavdengfli modulated laser. 

4. Amethod for determinmgasurface condition, said meftodusingr^ectances^ 
sensmg flie reflectance properties of a surface at at least one wavelength andushig sirid 
reflectance properties to determine presence of at least one of Uquid water or ice. 
characterised in that said reflectance spectrometry is wavelengfli modulation spectrometry. 

5. Amethodfordet«miningasur6oeoonditionaooordmgtoclaim4, diaracterised inlhat 
light of said at least one wavelength is wavelength modulated before bdng reflected by said 
surface. 

6. Amethodfordctermmingasurfececonditionacoordingtoclahn4. characterised in that 
light of sMd at least one wavelengfli is wavelength moduhited after being reflected by saxd 
surfece. 

7. Ameaiodfordetermuringasurfaceconditionaccordingtoanyoneofclahns4-6, 
characterised in that li^t of said at least one wavelengfli also is inlenaty modulated. 

8. Amethodfordeterminingasurfececonditionaccordingtoanyoneofclahns4-7, 
characterised in that said method senses the reflectance properties of a surfece at more than 
one vraveloigfli. 

. 9. A method for determining a surfece condition according to clahn 8, characterised in th^ 
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method uses the reflectance properties at the niore'th^ii bik v^&in^ ^ detemiine the 
structural properties of the detected Uquid vwiter or ice. 
10 A system for detemrimng and indicating a sutfece condition, said system comprising a device 
for determining a surfece condition according to any one of claims 1 -3 , and comprising an 
indicator device for indicating the toad surftce condition determined by said device for 
determining a sur&ce condition. 



12 



Abs^ct 

The invention relates to a device, a method and a system for determining a load suc&ce 
condition, y/tiete the sur&ce condition is one of diy, wet or icy. The device comprises a 
reflectance spectrometer which senses the reflectance properties of Ae toad at one or sevetal 
wavelengths and uses these reflectance properties to determine the sur&ce condition. The 
reflectance spectrometer is a wavelength modulation spectrometer, preferably for fte near 
infrared region. The system determines the surfiice condition and Indicates it to a user of the 
system. 
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